Background and Purpose-We examine whether the proportion of the US population with ≤60 minute access to Primary Stroke Centers (PSCs) varies based on geographic and demographic factors. Methods-Population level access to PSCs within 60 minutes was estimated using validated models of prehospital time accounting for critical prehospital time intervals and existing road networks. We examined the association between geographic factors, demographic factors, and access to care. Multivariable models quantified the association between demographics and PSC access for the entire United States and then stratified by urbanicity. Results-Of the 309 million people in the United States, 65.8% had ≤60 minute PSC access by ground ambulance (87% major cities, 59% minor cities, 9% suburbs, and 1% rural). PSC access was lower in stroke belt states (44% versus 69%). Non-whites were more likely to have access than whites (77% versus 62%), and Hispanics were more likely to have access than non-Hispanics (78% versus 64%). Demographics were not meaningfully associated with access in major cities or suburbs. In smaller cities, there was less access in areas with lower income, less education, more uninsured, more Medicare and Medicaid eligibles, lower healthcare utilization, and healthcare resources. Conclusions-There are significant geographic disparities in access to PSCs. Access is limited in nonurban areas. Despite the higher burden of cerebrovascular disease in stroke belt states, access to care is lower in these areas. Selecting demographic and healthcare factors is strongly associated with access to care in smaller cities, but not in other areas, including major cities. (Stroke. 2014;45:3381-3388 .) The online-only Data Supplement is available with this article at http://stroke.ahajournals.org/lookup/suppl/
S troke is a leading cause of death and adult disability in the United States. 1 There are well-described disparities in the burden of stroke, across both types of people and the places where people live. Black Americans have a higher risk of stroke and higher stroke mortality rates. 2, 3 Cerebrovascular disease is more common in rural areas than in urban areas. 4 There is a also 20% to 40% increase in stroke mortality in the Southeastern United States compared with other regions, often referred to as the US stroke belt. 5, 6 The factors underlying disparities in stroke are only partially understood. Hypothesized causes include differences in vascular risk factors, socioeconomic status, differential quality of care, and differential access to care. 7, 8 Organized inpatient stroke care markedly reduces mortality after stroke, with a number needed to treat as low as 5. [9] [10] [11] It is possible that geographic variability in the type and intensity of inpatient stroke care available across the United States may be contributing to disparities in stroke outcomes.
In an effort to improve the care of patients with stroke nationally, there has been a strong push to develop systems of care based on an organized hierarchy of stroke hospitals, similar to the US system of trauma center hospitals. [12] [13] [14] The Joint Commission (TJC) began certifying Primary Stroke Centers (PSCs) in December of 2003. The certification process is based on criteria recommended by the Brain Attack Coalition. PSCs have been shown to use more recombinant tissue-type plasminogen activator than non-PSCs. 15, 16 TJC-certified PSCs also have lower mortality rates than noncertified hospitals. 17, 18 
Stroke
November 2014
Since 2003, >900 hospitals throughout the United States have become certified PSCs. 19 To date however, the organized hierarchy of US stroke hospitals has not incorporated geographic and locational factors of patients and hospitals into its planning process, unlike the US system of trauma centers. 20 Stroke, like trauma, is a time critical disease. It is estimated that 1.9 million neurons die every minute during an acute stroke and over time the efficacy of acute stroke therapies decrease. 21, 22 To maximize the population impact of PSCs, they must be rapidly accessible to the US population. Accessibility, or geographic access, refers to the relationship between the location of supply and the location of clients, taking into account transportation resources, travel time, distance, and cost. 23 It is known that a large proportion of the US population is not able to access a PSC within 60 minutes. 24 However, more nuanced disparities in access to PSCs may exist. Because PSCs are expected to improve the health of the community they serve, disparities in access to PSCs may widen existing disparities in stroke mortality. We sought to determine whether there were disparities in the accessibility of and to quantify the relationship between geographic factors and population level demographic variables and accessibility of PSCs.
Methods

Study Design
A cross-sectional population level geographic analysis quantifying the accessibility of PSCs in the United States was conducted.
Access Calculations
PSCs were defined as hospitals certified by TJC as PSCs on or before December 31, 2010. A list of all currently certified PSCs was obtained directly from TJC on May 17th 2011 (personal communication, Jean Range, M.S., R.N., C.P.H.Q., Executive Director of Disease Specific Care, TJC).
Geographic accessibility of PSCs was calculated at the block group level as described below. Block groups are small geographic units, with a population of ≈800 to 1700 people. There are 208 667 block groups in the United States. Block groups are nested within census tracts, which are in turn nested within counties and states, respecting county and state boundaries.
For each block group in the United States, we estimated prehospital time from the centroid, or population weighted center, to the nearest PSC. Prehospital time is the time required from calling 911 to arriving at a hospital. It is a composite of transport time and other key prehospital time intervals. Detailed methods for these calculations have been previously reported. 24 Briefly, the Network Analyst Function in ESRI ArcMap 10.1 was used to calculate the shortest road distance between each centroid and the closest PSC. Posted speed limits were used to calculate transport times with 10 miles per hour added. The 911 activation to ambulance dispatch interval was estimated as 1.4, 1.4, and 2.9 minutes for urban, suburban, and rural areas. 25 Ambulance dispatch to arrival at the scene was estimated by multiplying the drive time from the scene to the hospital by 1.6, 1.5, and 1.4 for urban, suburban, and rural drives, respectively. 25 Finally, 13.5, 13.5, and 15.1 minutes were added to urban, suburban, and rural areas to account for time spent on scene by Emergency Medical Services personnel. 25, 26 Models were built assuming that patients and Emergency Medical Services providers would not cross state lines.
Population Level Demographic Data
Race, sex, ethnicity, and employment data were obtained at the block group level from the 2010 Nielsen-Claritas census estimates. These are commercially available data based on the 2000 census but updated annually to account for projected changes to the population. Data on income, poverty, and education were obtained from the American Community We defined urbanicity using a modified version of the US Department of Agriculture Rural-Urban Continuum code (mRUC). The mRUC classifies counties based on the size of each metropolitan area and proximity to metropolitan areas. 27 The mRUC is defined in Table I in the online-only Data Supplement. We categorized areas as major cities if mRUC was 0 to 1, minor cities if mRUC was 2 to 3, suburbs if mRUC was 4 to 7, and rural if mRUC was 8 to 9. For variables not available at the block group level, all block groups in the census tract or county were assigned the same value. Variables used in the analysis, including their source and level of geography, are summarized in Table II in the online-only Data Supplement. 
Statistical Analysis
We calculated the total prehospital time required to access a PSC via ground transport for each block group in the United States. Block groups were considered to have geographic access to PSCs if the total prehospital time from the centroid to the nearest PSC was ≤60 minutes. It was assumed that the PSC was equally accessible to all inhabitants in the block group. Results were summed to determine the proportion of the US population able to access a PSC within 60 minute by ground transport. We then calculated the proportion of the population with PSC access stratified by mRUC categories. Access was further stratified by race (white versus non-white), ethnicity (Hispanic versus non-Hispanic), sex, census region, and location within a stroke belt state (AL, AR, GA, LA, MS, NC, SC, and TN).
We then performed a descriptive analysis comparing demographic variables between block groups with PSC access to those without PSC access. Variables included information on race, ethnicity, education, socioeconomic status, insurance status, healthcare resources, and healthcare utilization ( Table II in the online-only Data Supplement). Data reduction techniques were used to convert correlated individual variables into a smaller number of summary variables to improve interpretability of the results. Cronbach α was used to evaluate the internal consistency of each set of variables, and factor analysis was conducted to create a single summary variable from a collection of strongly related individual variables. 28 Each factor variable is measured as a z-score (mean=0 and SD=1). A generalized linear mixed model was constructed using a logit link and robust standard error estimates. Models used a random intercept to account for clustering of block groups into counties. Because mRUC category was strongly associated with access to PSCs in the univariate analysis, models were stratified by mRUC category for major cities, minor cities, and suburbs. Models were not constructed for rural areas because almost no rural block groups had access to PSCs (0.9%). After constructing models, the predicted probability of access to PSCs was estimated for each block group and the median predicted probability of PSC access was compared across block groups that were low (below the median) and high (above the median) for each factor variable.
Results
There were 811 PSCs in the United States on December 31, 2010. Of the 309 million people in the United States, 65.8% had ≤60 minute PSC access by ground ambulance. Geographic accessibility of PSCs is mapped in Figure 1 . The proportion of the population with PSC access ≤60 minutes was 87% in major cities, 59% in minor cities, 9% in suburbs, and 1% in rural areas ( Table 1) . By census region, PSC access was lower in the South (61%) than in the Midwest (66%), Northeast (67%), and West (72%). PSCs were less accessible in the stroke belt than the rest of the United States (44% versus 69%; P<0.001). Although this was partially attributable to more people living in nonurban areas within the stroke belt, PSC access was also worse in stroke belt cities ( Table 2) . A greater proportion of non-whites had access to PSCs than whites (77% versus 62%; P<0.001), and a greater proportion of Hispanics had access to PSCs than non-Hispanics (78% versus 64%; P<0.001). These differences were greatest in major cities (Table 2 ). There was no meaningful difference in access to PSCs by sex (65.6% versus 66.0%; P<0.001).
Demographic variables are summarized in Table 3 . The 35 individual variables were reduced to 11 composite factor variables representing income, poverty, proportion uninsured, proportion eligible for Medicare and Medicaid, proportion who dropped out of high school or college, proportion with an advanced degree, race, ethnicity, healthcare utilization, physician supply, and hospital supply. The employment variable did not fit into any factors and was maintained as an individual variable.
Multivariable modeling results are summarized in Tables III to V in the online-only Data Supplement. Figure 2 shows the median predicted probability of access to PSCs in areas that are low and high for each composite variable. In major cities, access to PSCs is high in all areas with little variation. Conversely, in suburban areas access to PSCs was uniformly low in all areas.
There was significant variability in access within minor cities. In minor cities, areas with high rates of Medicare and Medicaid eligibility were less likely to have access (58% versus 90%). In minor cities, areas with higher rates of uninsured individuals were also less likely to have access to PSCs (77% versus 86%). Areas with high healthcare utilization were more likely to have access to PSCs (92% versus 52%). Areas with higher physician resources were also more likely to have access (93% versus 52%). Areas in the stroke belt were less likely to have access (26% versus 86%). Hospital resources, education, income, black/nonwhite, and Hispanic/foreign born were also positively associated with access to PSCs in minor cities (Figure 2 ).
Discussion
As of December 31st 2010, 105 million Americans were unable to access a PSC by ground ambulance within 60 minutes of calling 911. Geography was the major determinate of access to PSCs, with worse access in the stroke belt and in nonurban areas. In major cities, 87% of the population had ≤60 minute access. This fell to 59% in minor cities, 9% in suburbs, and 1% in rural areas. Reduced access in the stroke belt is likely due, in part, to a higher proportion of people living in suburban/rural areas compared with the rest of the United States (29.0% versus 16.4%). This is not the only explanation, as stroke belt access was also worse in major cities (75.6% versus 88.1%) and in minor cities (47% versus 62.4%). Geographic disparities in the burden of cerebrovascular disease are well known, with a greater burden of disease in the stroke belt and in nonurban areas. 4, [29] [30] [31] It is possible that reduced access to care in stroke belt states and in nonurban areas has contributed to the development of these disparities. 29 If stroke care systems improve the health of the communities that they serve, disparities in access to specialized stroke care may widen existing disparities in stroke outcomes.
In an effort to improve population health, the Institute of Medicine recommended the development of regionalized systems of care which direct patients to specialized hospitals that are best equipped to care for them. 32, 33 In accordance with these recommendations, many states have enacted prehospital routing policies shunting patients to certified PSCs and bypassing closer hospitals. 34 Although data quantifying the impact of regionalization are limited, it is known that PSCs use more acute stroke therapies and have lower mortality rates than non-PSCs. [15] [16] [17] [18] Prehospital delays in arrival at a PSC reduce the chances of receiving acute stroke therapies and reduce the effectiveness of those therapies in treated patients. [35] [36] [37] Living further from a stroke center is also associated with higher mortality after stroke. 38, 39 It, therefore, seems plausible that, as regionalized systems of care develop, areas with limited PSC access may have worse outcomes than other areas.
Our finding that areas with higher burdens of cerebrovascular disease are less likely to have access to PSCs underscores the need for population planning to ensure that stroke care is rapidly accessible in areas with the greatest need. Although the adjusted probability of PSC access is uniformly high in major cities, there is considerable variability within minor cities and almost no access in nonurban areas. Policy makers and health planners can incentivize the development of PSCs to improve access to care. This is likely to be particularly important in areas of minor cities with lower socioeconomic status and poor payer mix because these areas are densely populated but less likely to gain access. Importantly, data from the United States and Canada suggest that socioeconomic status does not have a significant effect on hospital choice, so increased geographic accessibility should benefit all people. 40, 41 Improving access in suburban and rural areas may pose challenging. Although there are >50 million Americans living in nonurban areas, low population density and limited physician/hospital resources may make it difficult to provide PSC access to all of these people. It is likely that targeted interventions-which identify areas with great need and provide access to the maximum number of people-will be necessary. For other areas, which are unable to support a PSC, alternative solutions such as telemedicine and predefined transfer agreements may be preferable.
The development of flexible tools that can be used by policy makers to plan systems of care, incorporating the local burden of disease, hospital/physician resources, and costs have the potential to impact population health significantly. These tools will become even more important as stroke care systems become increasingly complex, incorporating Comprehensive Stroke Centers and Acute Stroke Ready Hospitals. Such tools could also be used to help guide the development of systems of care for other time sensitive conditions like myocardial infarction, cardiac arrest, and sepsis. For regionalization to be optimized, there is also a need for public policies which incentivize cooperation across hospitals and between hospitals and Emergency Medical Services providers. Furthermore, population level health outcome measures must be developed to quantify the impact of regionalization. This ecological study has important limitations. Our access calculations estimate the geographic accessibility of PSCs. Because geographic accessibility is only one component of access to care, we may be overestimating PSC access. Our results, however, are consistent with a prior study which looked at disparities in realized access to PSCs. That study, which identified the treating hospital for 1000 subjects with suspected stroke in a large prospective cohort study (Reasons for Geographic and Racial Differences in Stroke [REGARDS]), found that nonurban residence (odds ratio=0.39; 95% confidence interval, 0.22-0.67) and stroke belt residence (odds ratio=0.54; 95% confidence interval, 0.38-0.77) were independent, negative predictors of evaluation at a PSC. 40 PSC access calculations require assumptions about key Emergency Medical Services time intervals. We used estimates that were empirically derived from the trauma literature using data from >150 000 patients in 20 states. Prior studies have suggested that stroke prehospital intervals may be up to 11 minutes longer, although these studies were geographically limited to 2 large urban centers and may not be generalizable. 42, 43 In addition, both studies were conducted before the American Heart Association released a policy statement recommending that patients with stroke be treated at the highest possible priority. As a result, they may not be representative of current practice. 44 If differences in prehospital time intervals between stroke and trauma exist, this could introduce measurement bias; although, this is expected to be nondifferential and comparisons across geographic areas should still be valid. The analysis was limited to hospitals certified by TJC and did not account for hospitals certified by other agencies, including state health departments. There are 10 states with state-based PSCs (CT, FL, MD, MA, NJ, NY, OK, TX, VA, and WA). We likely underestimate access in these states. Because none of these states are located in the stroke belt, the disparity in access between stroke belt and nonbelt states is underestimated. The traditional definition of the stroke belt was used in this analysis, although there recent evidence suggests that the stroke belt may now extend further north and west. 45 Because we used factor analysis to create composite variables, we are unable to quantify the association between individual demographic variables and access to care. Finally, as an ecological analysis conducted at a single time point, we are unable to ascertain whether differential access to stroke care affects outcomes at the population level or if disparities are changing over time.
Conclusions
There are significant geographic disparities in access to PSCs. Access is limited in suburban and rural areas. Despite the higher burden of cerebrovascular disease in stroke belt states, access to care is lower in these areas. Demographic factors are strongly associated with access to care in smaller cities but were found to have little impact elsewhere, including major cities. Within smaller cities, areas with lower income, less education, more uninsured, more Medicare and Medicaid eligible individuals, lower healthcare utilization, and healthcare resources were less likely to have access. Public policy and health systems planning are needed to ensure that stroke care is rapidly accessible to all Americans. 
Sources of Funding
Online Supplement
Disparities in Accessibility of Primary Stroke Centers
Supplemental Table/Figures
I. Modified Rural-Urban Continuum Codes Defined
Code
Definition 0
Central counties of metropolitan areas of 1 million population or more 1
Fringe counties of metropolitan areas of 1 million population or more 2
Counties of metropolitan areas of 250,000 to 1 million population 3
Counties in metropolitan areas of fewer than 250,000 population 4
Adjacent to a metropolitan area, urban population of 20,000 or more 5
Not adjacent to a metropolitan area, urban population of 20,000 or more 6
Adjacent to a metropolitan area, urban population of 2,500-19,999 7
Not adjacent to a metropolitan area, urban population of 2,500-19,9000 8
Adjacent to a metropolitan area, rural or less than 2,500 urban population 9
Not-adjacent to a metropolitan area, rural or less than 2,500 urban population
